Lecture 12, Biology
Cell signaling part 1

When is cellular communication important? This communication occurs so that all biological processes can occur (growth, cell division, cell death) they can go wrong sometimes like cancer, immune responses. 

Cell communication – 3 steps. 
How does the cell receive the message? And how does it interpret it?

How do you decide which pizza to order?
How should you organize all of the different possible messengers? Physical properties, the type of message transmitted, size, chemical structure. 

We can use:
       -     Direct contact, gap junctions to communicate. Keeps the message local. 
· Auctocrine or paracrine signaling. Autocrine cell A secretes a messanger, it diffuses to the extracellular space, can find its way back to cell A. Goes back to the receptor on the same cell and acts on itself. Paracrine is when it goes to a neighbor. Doesn’t go very far because it uses diffusion.
· Endocrine signaling, will be released into the blood stream and will travel through out the entire organism and reach every cell irrigated by the blood stream.
· Neural signaling: will have a chemical message that will be received by a cell which will convert it into an electrical signal which will travel down an axon, where it will be converted into a chemical messenger which will reach a target cell such as a muscle. 

Which is the fastest? Both gap junctions (right there already in physical contact. Distance is an issue and there is a maximum saturation rate and site of the messenger is an issue) and neural signaling. 

Direct: gap 
Indirect: all the other types. 

Which is the fastest of the indirect? Neuronal, because it involves electrical current. It is easier to move electrons than any other matter. Motor proteins will take longer. 

6 classes of messengers. 
· steroids
· eicosanoids
· peptides / proteins
· purines
· amines
· gases 

Steroids:
Derived from cholesterol. Can modify cholesterol to have different structures, will all have 4 aromatic rings, differences in the functional group. Sort all steroids into 3 sub categories. Act as gene transcription factors. 
· Mineralocorticoids
· Glucocorticoids (long term stress response)
· Sex hormones 
*should be able to recognize molecules of the 6 messenger classes.

Lipids (eicosanoids) The local hormones:
Derived from lipids
Messengers that manage pain and inflammation. Arachidonic acid can be modified into one of 2 structures. 
One mediates pain locally and uses paracrine or autocrine signaling because they are too big to use gap junctions. 
The other one (Leukotrienes) manage local inflammation. 
When you take Advil you are blocking these enzymes. 

Peptides/ protein
- The difference between peptides and proteins are that peptide are short strings of amino acids (less than 50). Proteins will have much more and will be folded with a structure. 
- What chemical properties do you expect? In general, most proteins will be hydrophilic; will be able to have them soluble in aqueous environments. Can move freely inside the cytosols but can’t freely move through the membrane. Trapped inside the cell. If they can’t pass freely, they can be wrapped in membrane, put in a vesicle and make a reserve. Have them ready to go and they won’t go anywhere. Can be secreted by exocytosis. They are readily available so its advantageous. Can package these proteins in an inactive form. It’s “sleeping”. 

Amines
· Derived from amino acids
· Most are hydrophilic (like proteins and peptides. Can be packaged)
· Many neurotransmitters are amines
· Thyroid hormones are hydrophobic. This means they can’t be packaged in vesicles. Keep producing them, synthesis on demand. 

Purines
· Caffiene
· Derived from nitrogenous bases adenine or guanine
· Need a transporter or use exocytosis
· They have aromatic rings (2) Looks like nitrogenous bases. 
· Can’t go through gap junctions, too big. Use paracrine and endocrine. 

Gases
· Small molecules, short half-life
· Passively diffuse, use gap junctions
· Where do gases come from in cells? Biproducts of biochemical reactions in the cell. As the cell does tasks, sometimes they create gases. Cells are very efficient, they accomplish a task, create a biproduct, use that to signal other cells to the something. Ex; blood cells will allow nitrous oxide to diffuse across the membrane then it will go and act on the smooth muscle cells. The interaction will induce the muscle cells to relax, increasing dilation of the vessel. 

What happens when the messenger gets to the target cell? What needs to happen? They need to be recognized by receptors, which will be on the surface/ inside the cell. 
Lipid base, sterids, small molecule and gases can pass through the membrane inside the cell. 

What is the advantage for the cell to have these different types of ligands? (all these different classes with differences within themselves) (These messengers –ligands because they bind to receptors) No saturation rate, specific to the type of molecules passing through the membrane. More than one version of the word in the dictionary.  So they can accomplish different tasks at different speeds with different paths of communication.  

How can a cell know what you want to communicate based on the molecule you are sending? Depending on what you bind to will trigger a specific response. 

Receptors – 4 classes
· Trans membrane and intracellular receptors. 
· When you have many receptors your odds of reaching the report increases. 
· The receiving cell; 
· If a cell is not involved in an immune reaction it does not make sense to have a receptor for immune responses 
· Cells will express a different array of receptors in more copies to accommodate more. 
· Can be sorted by where we can find them and the type of relaying of imformation that they are able to carry out
Intracellular – 
Transmembrane- spans the membrane, integral protein, the ligand will have to have a specific area outside the cell to bind to it and trigger the response. (Ligand bonding sites. Depends on the sequence of the amino acids. The affinity between the receptor and the messenger can be different which will affect how long the communication lasts. If the messenger stays stuck to the receptor for a long time the response keeps going. 3 categories
· Ligand-gated ion channels (facilitated diffusion) the conformation of the proteins spanning the membrane will change, open or close a channel through the membrane, which will let ions in or out.
· Ligand-binding site (receptor-enzyme) – proteins gains enzymatic ability on the intracellular side, will act like an enzyme. 
· G-protein coupled receptor, spans the membrane 7 times. Conformation changes. Start interacting with proteins near the membrane (g-proteins), which will relay the message inside the cell. 
· Intracellular receptor the message has to get inside the cell. FOR LIGAND THE RECEPTOR NEVER GOES INSDE THE CELL. 

Intracellular receptors:
· Can be found in the cytoplasm or in the nucleus
· Why is it useful to have them inside the cell? When their ligand binds to them that interaction will form a complex, which will now have the ability to act as a transcription factor. (something that tells DNA to be transcribed, can also inside DNA to stop transcribing a given gene). 

Transmembrane
· ligand never enters the cell
· integral protein spans the membrane
· mostly hydrophilic 
· 3 classes

Lipid rafts:
· the membrane where there is a protein will become more rigid. Difficult to keep the protein in place. The cell will have a larger concentration of a particular phosopholipid with larger chains and fully saturated so they can aline very tightly, membrane is thicker and more rigid. Don’t want to make it too rigid. Add cholesterol to maintain fluidity. 

What is a protein that is not a potential candidate to act as a trans membrane receptor? Fatty acid or prenyl-anchored protein. 

Lecture 13, Biology 

How can one cell alter the gene expression of another cell? By sending a chemical messenger that will trigger a signal transduction cascade. 

MIDTERM 2: everything from the first midterm and everything else and including DNA replication. Transcription is not included. 

Lecture 14

16) they are sorted in 3 main categories. PI 3-kinade,GTPase-activating and phospholipase C. 

17) Take generic growth factor. Cellular processes promote cell growth, division and differentiation. All different cellular responses but could be categorized as healthy cells, growth factors and hormones. 
	Take generic growth factor, will bind to inactive subunit, when binding occurs they will change their shape and this will promote dimerization. They will create a team. When the receptor forms a dimer it gains the ability to autophsophorlate. The receptor is not active until it has phosphorlated all of its tyrosines. (6-10 tyrosines). It is able to interact with the proteins that will be responsible for carrying out the cell message. Receptor is an integral protein, it can’t go inside the cell, something needs to understand the message and go into the cell to make the cell act upon that information. What happens inside the cell if it needs to grow? Microfilaments are going to be involved. Elongate the ones that are already present under the membrane, they will push and allow the cell to grow, then gene transcription will produce more actin to feed that growth, need to produce more membrane and more energy. Inside the cell there will be many different things happening to support something that appears simple. Something needs to go from the receptor to all the targets in the cell. 
	Now that the receptor is phosphorloated you are looking for something..? Ras is a receptor, its doesn’t have an HS2 domain, but it is an excellent relayer of messages. Like when you need to charge your phone, you need an adaptor to plug it into the wall. SO we have adaptor proteins. One will have SH2 domain that will bind to the receptor, but this one doesn’t have that ability. GRB2 and Sos are adaptors, work as a pair. GRB3 has a message domain, its partner has the ability to bind to Ras. Ras is bound to the membrane, in its inactive state it is bound to GDP. When GRB2 and Sos bind to the receptor it makes it appealing for Ras to bind to SOs (protein recruitment). When Ras binds to sos, its affinity for GDP drops so it lets go of GDP, but now it has high affinity for GTP. It exchanges GDP for GTP. NOT PHOSPHOROLATION. When it bonds there’s a change in conformation, no longer able to be bound to sos and anchor to the membrane. Ras itself becomes the signal within the cell. 

15) Nerve growth factor is what promotes neurons grow. It was discovered by Rita Levi-Montalcini. What happens when neuronal cell grow? They receive anerve growth factor; whih binds to a growth recetport. (trk A). Will do what we just explained. They will activate the Ras cascade. 

18) Will activate Ras, let go of Sos and membrane and be ready to go carry the message. It is an activating protein, will activate other proteins. How many they hit, and which ones, depends on the Ras cascade activated. Could be 3-6 steps. But the end result is activating Map Kinase. Map kinase is what a cell needs to make sure that BCL2 remains active, which interferes with activating the ligand-gated channel. Its major roll is it regulates cell death because it is anti-apoptotic. If the cell no longer receives growth factor the cell will die. Map kinase also activates transcription factors. 
There are many tyrosines that are phosphorylated. SO at the same time you can also interact with Pi3k kinase. They activate IAPs. At the same time you can also activate a proteins that keeps BAD phosphorylated. It turns off BCL2, pro-apoptotic. When it becomes de-phosphorolated then the BAD kitty runs lose, bad will inactive BCL2 and activate two other proteins.. Baxs and bac. Then in the mitochondria bac and bax will facilitate ligand channel, calcium will get released, mitochondria will absorb the calcium and a hole will be punched. 

19) Epathelical growth factor: Same process, growth factor will bind to monomers, dimers will form, ect. Ras will be activated and Ras will activate MAP kinase, Map kinase will trigger gene transcription. You can also activate phospholipase C. This is the enzyme responable for taking a lipid, converting it into an acid and making it into an ecoisanoid. Pip2 is a phospholipid with a very large structure, PLC will cut it and free it? DAG remains behind can act as a second messenger. IP3 as well. 
	Where does amplification occur? As long as the growth factor is binded to the receptor it will continue. As long as the bond remains, the proteins will keep producing those factors. There are many secondary messengers inside the cell even though you only have 2 growth factors bound. How many calcium are we releasing? 

24) G-proteins Coupled Receptors
Responsible for taste, muscle contraction, relaxation, responsible for a lot. ??
So many possible ligands that lead to so many cascades, most of them you can summarize into 2 main pathways. 

21) Brian Koblika and Robert Lefkowitz
The loops will form areas where it can interact with the G protein. 

22) X-ray crystallography is a way to study this. Take a protein and form a crystal. What about if the protein is soluble? 
Then hit it with x-ray, it will give you a pattern so you can determine the size and shape. 

23) GPCRs: When the ligand binds to the receptor there’s a change in conformation, which will recruit gene protein (3 small proteins that work together) when they are recruited this will lead to the activation of the alpha sub-unit. In order to be activated it needs to exchange GTP for GDP. (similar to Ras). Beta and gamma remain together. They have their own signaling abilities. In the 2 pathways there are 2 amplifier enzymes. Convert inactive secondary messenger into its active form. The second messengers will deliver the message to different areas of the cell. 

25) Common second messengers are cAMP, cGMP, DAG, IP3 and the calcium ion. 

MARCH 10:
PIP/ IP3 pathway:
Activated enzyme is phospholipase C. What are the 2 products when PC activates? DAG or PIP2. PC cleaved between lipids and polar heads, produces a glycerol backbones. It becomes free in the cell, will go to many targets. IP3 can go on and actiate IP3 gated calcium channel on ER membrane. Will allow the release of calcium from calcium stores, which then makes calcium a secondary messenger to activate something else. When it’s activated it can phosphorolate proteins, receprtos, channels, transporter and can also contribute to the conversion of glycerol to arachadonic acid which leads to eicosanoids. 
	Calcium: if you release a lot of calcium from the endoplasmic reticulum, the concentration rises and mitochondria can take up a little bit, still too much calcium inside the cell. In a muscle cell, it binds to tropanine, which changes its conformation, slides it on the actin filaments and then the myosin binding sites are available. In neurons, then you could use that to increase the amount of calcium and trigger the release of vesicles by exocytosis. Mitochondria is full, what else can you do to reduce the concentration? Ion channels going outside the cell, an anti-port will take it out.  How does it get inside the mitochondria? 


One ligand- many responses
You can have one ligand but it will trigger different responses. Why is adrenaline able to produce different outcomes? 
Norepinephrine is produces by the adrenal glands, its role is to different depending on which g-portin coupled receptor it binds to. Each one will trigger a cascade, just different outcomes. Leads to activation of kinase C. Facilitlates entry of calcium into the cell. IP3 leads to releaseing calcium from ER. 2 points that lead to increasing the calcium inside the cell. 
Next one is couples to the inactivated subunit. Shuts down cAMP. Proteins kinase A doesn’t get activated, it can not go and de-phophorolate the receptor, so the receptor remains inactivated. Now have closed one of the opportunities to allow calcium entry. If you’re a neuronal cell, making it more difficult to release vesicles. 
The beta 2 receptor, you active cAMP, can phosphorolate, so allow calcium entry. If it needs calcium, you’ve given it an easy source. 
All of this is accomplished using the same ligand and 2 basic pathways. You might favour one pathway over another. 

Specificity of Responses:
What happens if you bind the same ligand to the same receptor but on different cell types, the out come will be different. 
Same pathway, same trigger, one will allow to trigger breaking down glycogen to break down glucose and one will allow relaxation. The end point of the cascade will have the largest effect. Now use 2 different receptors, both muscle cells but different types of tissue. If used same ligand, they still use different receptors, so there would be 2 different outcomes.  

Coordination of Response:
Different pathways need to communicate inside a cell. Within a cell, there are some pathays that lead to cell death or growth. Does it make sense for a cell to at the same time to interpret a message that lead to two different actions? It has the means to follow both simultaneously, but the death takes precedence. Certain pathways can have more importance, this is called COORDINATION OF SIGNALS. 
The pancreas is your detector for blood glucose. In response to that, it is able to secrete 2 messengers. Able to produce message that says: store glucose, or breakdown glucose. Insulin uses tyrosine kinase receptors. Now there is a cellular repsonce, will increase the amount of glucose transporters, at the same time to release it’s counter hormone which is glucagon (which triggers a cascade of effects to g-protein coupled receptors which break down glycogen to increase glucose). 

LECTURE TOOLS
An amino acid derived ligand binds to a receptor. A cytosolic protein with an SH2 domain was recruited and the cascade initiated resulted in release of calcium form the ER. Which type of receptor was involved? Tyrosine kinase enzymes

What is an SH2 domain? A region on a protein, called a domain, that allows specific binding to the phosphporlated tyrosine on the receptor. 

Ending the Response:
If the channel is active the conversation won’t continue. Endocytosis also plays a role. If you internalize the entire rector ligand complex, that receptor is no longer in a proper setting to relay that information. The receptors can be recycled, brought back to the membrane without the ligand. The lysosome would take care of this. If enzymes digest ligands while bound to receptor, it will go back to original conformation. With out the physical interaction with the ligand and the receptor, the message ends. What tells a ligand, how does it know to get off? Charges and mostly the concentration gradient. All based on equilibrium, so when the concentration is no longer favourable, that interation will end and go back to inactive conformation. 

Place the elements of an Acetylcholine –mediated cascade in order
1) 


DNA REPLICATION:
Lecture 15-16

What is DNA:
Genetic make up, language that all organisms use. 

DNA, The Hereditary Molecule:
(12.1) Will be on midterm

Solving the mystery: DNA’s structure:
Why do they create a double helix?

Why are nucleotides in DNA always paired A with T and G with C?
Because the helix formed by 2 strands must be 2nm in diameter and the only arrangement that allows this to happen is this arrangement. This also respects the number of hydrogen bond, gives you 3 hydrogen bonds. 

How did they solve the structure?:
Use x-rays to see diffraction pattern, they determined the size of the diameter. 

March 13, 2015
DNA Replication

Organizing DNA: Fitting millions of bp in a nucleus 
How to do compact the DNA to fit in such a small place? 
Will be wrapped around histone proteins, which forms a nucelosome. Do that again into a structure called a solenoid. They are compacted in more than one dimention. This is how you obtain protostomes. Those structures need to be unwound when you are going to replicate or you may need to unwind just a small portion in order to transcribe a gene. 

The Central Dogma
Start from DNA and make a copy, both daughter cells have the same genetic makeup. Can go from DNA and transcribe it into another form, mRNA. In order to preserve initial code and can translate it into proetin. This flow of information is in one direction. 

What is the mechanism by which DNA is replicated? 
Semi-conservative because both daughter cells have the same genetic code

Replication:
3 possible methods:
DNA needs to divide, how can this happen? Came up with 3 models. 
Meselson and Stahl used isotopes of nitrogen to determine that they replicate with semi-conservative model. A model is made complementary from the template strands. 

DNA Replication:
-How is it that you split those two strabds?
-Circular or linear DNA
-There is no difference in their mechanism of replication, Circular has 1 replication origin, linear has multiple. When strands are separated, there is a replication bubble. 
- DNA is double helix, wrapped tightly, there would be tension around the opening, must be something to prevent that. 
- Helicase will be the enzyme to split the strands apart
- Single stranded binding proteins will prevent the strand from aneling (going back together)
- girase are enzymes which will introduce nicks to prevent super coils while the strand is being unwound. 
- DNA polymerase III will read the signal parental strand and will introduce complementary nucleo-strands. 
- Both strands are anti-parallel
- Replication will occur form the origin of replication to the fork in both directions on both strands at the same time
- Can add nucleotide 5-3 prime. 
- The leading strand is in 5-3 prime. 
- The lagging strand is in 3-5 prime, so must be done in fragments
- Will replicate in a discontinuous manor, in Okazaki fragments. 
- Both strands will finish almost at the same time. 
- Helicase seperates, is it seperates single stranded binding proteins attach themselves from single stranded DNA to prevent them from coming together, now need to introduce a complementary strand, DNA polymerase does this. Assembles nucleotides, brings in the complementary nucleotide. That enzyme will not attach to a single strand, needs a double strand, so we will introduced a short sequence of nucleotides complementary (4-10) to the parental strand, the primase will fix itself to a single strand but the complementary nucleotides are actually RNA nucleotides. (RNA primer) when it reads an A it will introduce a U, C-G. For only 4-12 nucleotides. 
- You now have little bits of RNA attached, need to remove. AS well, now you have a short portion that is double stranded, which will recruit DNA polymerase, will come in and hug the area where there’s a primer, and to keep it in place a sliding clamp protein will come in, until DNA P has finished synthesizing the entire complementary strand. Polymerase will add DNA nucleotides the entire length of single stranded parental DNA available (about 50 nucelotides a second)
-Always identify the orientation of the strands. 
- Practice drawing replication bubbles, add the enzymes and make the replication happen
-  Elongation occurs from the origin to the fork
- Helicase keeps splitting,
-
Lagging strand:
· Initial primer will be a little offset from origin
· Once set, DNA polymerase will introduce nucleotised and create the first fragment, when it reaches the origin it will detach. Why not continue? 
· Primase placed another primer further down.
· The first one is closest to the origin.
· Will go through entire length of the DNA.
· While your synthesizes one portion of the DNA primase places another primer and so forth.
· Need to get rid of the RNA, will use DNA polymerase I to do so
· DNA polymerase will strip it, then you have a gap.
· How will it identify RNA? They have different sugars.
· DNA Polymerase I hugs the area, and replaces each RNA nucleotide with the equivalent DNA nucleotide. 
· Leaves a nick behind, wherever you removed the primer there is a gap, no phosphodiester bond there anymore!
· DNA ligase will find those gaps and reform the bond. 
Proofreading:
· DNA polymerase III fixes mistakes
· Able to catch most of its mistakes
· Able to back up, correct and keep going
· How to identify there is a miss-pairing  the width will be incorrect, the binding won’t be optimal due to there won’t be the right amount of  hydrogen bonds. 
· If the mistake is still there this will lead to mutations if its in a coding region

Nucleotide Excision Repair
· Hunt for miss matches
· Can’t just go in and change the nucleotide 
· These endo-nucleases sip a little portion of about 30 nucleotides so that it can find the area where theres a gap, fill it in and correct the mistake. 
· Ligase will seal the bonding 

What happens at the end of the lagging strand?
· The strand is shortened, that’s why you need telomeres, which is the buffering area.
· Otherwise you would lose DNA

Telomeres:
· Regions at the ends of linear DNA (chromosomes)
· Non-coding nucleotides. 
· Protection mechanism
· At each replication, there is a small chunk at the end of the lagging strand that will miss on fragment, each time you replicate the strand gets shorter. 
· You will have an overhang, which would happen on every chromosome, so with 2 over hangs could stick to each other
· Serious impact on cell division
· Long sequence (repetitive) that does not code for anything, but it very important
· Extra length of DNA so what is shortening is not valuable information
· Prevent chromosomes from attaching to eachother
· There is a certain length though, when you run out then you lose the actual DNA. 
· Cell will begin to age
· May be a gene that is not super important so cell can still live (senescence) 
· How do you extend the length of your DNA? An enzyme will initiate, synthesis that extra length.
· Telomerase has it’s own primase, has its own template
· Doesn’t leave the primer behind, leaves with it
· Will find a place on the overhang and will match it and once its matched, using its RNA template it will add DNA nucleotides at the 3’ end. 
· Will extend a few times, making the length even longer
· Will recruit a primase, will place and RNA primer, now there is a little section that is double stranded, and the gap will be filled 5’-3’. Polymerase III does this. 
· Kinda like a DNA buffer
· Primer will be removed, but is not exchanged for nucleotides, an enzyme removes the primer. 
· Still an overhang
· The over hang can fold over itself, because it is a repetitive sequence, forms a hairpin, no longer a sticky end, preventing against two DNA chromosomes attaching to each other and preventing against DNA shortening each replication cycle. 
· Senescence is a form of aging of that cell

Working with DNA
· DNA cloning  very useful if you want to extract one gene, work with it and have it in a large amount. Not the most efficient. Efficient to get a specific portion of DNA. Take genome, cut it into pieces and place these genomes into plasmids. Now left with many plasmids each containing a portion of the genome. One of them has the portion you are interested. Will look for the certain property that gene might possess. Grow the DNA. Can grow liters on the bacteria. How do you cut DNA? Need restriction enzymes. 
· Restriction enzymes  identify patterns and cut in a specific pattern. Some will cut blunt, some will cut unevenly, gives you sticky ends, which are useful for cloning. Have a new double strand with a totally different origin. Could have the gene for fireflies to light up, and insert it into the genome of a plant and that plant will glow in the dark
· Polymerase chain reaction  if you need large amount of DNA. Need to know the sequence, will use controlled replication, amplified. Will need primers. Goes on in a test tube, need to provide enzymes. Will have cycles of increasing and decreasing temperatures. If you heat DNA, the hydrogen bonds break, the two strands separate, now introduce primers. Now cool it back to the hydrogen bonding can occur, once you have the primer attached the polymerase will introduce a complementary strand. You now have 2 identical copies. Do it again! Now you have 4 copies. Can have millions of copies. Looks easy, will have to play with the conditions. 

REVIEW:

· Apoptosis can occur in all cell types, does not mean they will all do it.
· What triggers apoptosis

Proteases are responsible for the apoptotic cascade, name them: Caspases – initiators and executioners

Importance of Calcium:
 How does calcium get into the cells? Membrane transport, ligand-gated channels. How does calcium get out? Why? What can leave to increase calcium in the cell? (lecture 11). **KNOW CALCIUM

Mitochondra in apoptosis:
· Something will trigger apoptosis
· Absence of growth factors, no longer receives signal to live
· Bad is involved with keeping calcium in check. Shuts down Bcl2 (which makes it difficult for IP3 and calcium gated channel to bind). Bad makes it easier for IP3 to promotes all the calcium stored in the ER, out of the ER. 

If only 1 mitochondria is damaged, what happens? Mitophagy 
How does it occur? The damage to the mitochondria could be severe enough the entire organelle must be destroyed or only a small portion. In either case, the damaged portion will need to go to the lysosome. How will it get there? Microtubules, motor proteins. In order to target that portion there needs to be a flag. Ubiquiton, which is added by Parkin. SO a damanged portion will express PINK 1, which is cause parkin to come and add ubiquitin and flag the motor proteins. 

What combination of path / class is the most appropriate? From the adrenal gland to the kidney to control ino and water reabsorption. 
Endocrine / mineralocorticoids 


4 classes of receptors:
· Ligand-gated ion channel
· Receptor- enzyme
· G-protein coupled receptor
· Intracellular receptor  only one where ligand enters the cell
*Know them all and compare. 

Identify one component form one cascade that is able to be part of more than one cascade.

Intracellular receptors
Being able to directly interact with gene transcription. 

Acetylcholine: Ligand gated ion channels:
Creates membrane potential

Trik A – SH2 domain??
Ras – needs an adaptor protein

G-protein coupled recptors:
· Don’t have enzymatic activity
· Have an amplifier enzyme
· In order to communicate they use the alpha subunit 

PIP/IP3 pathway
· 2 second messengers are DAG and IP3 (same IP3? Yes. Another way to regulate calcium)


· Explain each enzyme and what it does for replication
· Explain the lagging strand 
· Match the nucleotides
· Explain telomeres
· Order of the steps of replication/ enzymes 

(LECTURE 11 until today)

Transcription part 1
March 20, 2015
(ch. 13.1, 13.2-14.2)

-Start with DNA, get mRNA

· In each cell, we have the entire genome. It’s organized. 
· If we’ve wound the DNA into chromosomes, not all of that DNA is accessible, but we need to access all of it. 
· In a chromosome, not the entire sequence is coded, between the genes there are intergenic regions. Not useless.
· Chromosome 7 (ex) some genes have nothing to do with each other. 
· Next to the gene, there are genes for all sorts of things.

How genes are organized
· All have a regulatory sequence that is ahead of the gene
· Controls the activity of transcription
· Coding sequence: determines the sequences of amino acids in the protein
· Regulatory sequence: controls the timing, location and amount of gene expression

Lecture tools: Before transcribing a gene to mRNA, DNA must first be replicated  False. There’s no need to replicate the entire genome if you just want to replicate the one gene. 

Definition of Gene Expression:
· Transcription takes place in the nucleus
· Why not just use the DNA? Why do we have to go to the trouble of transcribing? Because ribosomes are part RNA and can only read RNA? Want to protect the DNA from enzymes. Ribosomes build it; they’re not in the nucleus so this is an element of protection. Only RNA can leave the nucleus. 
· Why do we need to transcribe prokaryotes to RNA? They don’t have a nucleus. Regardless pro or euk, by using transcription, it allows you to get many transcripts, many mRNA copies. 
· Need to protect DNA, keep it safe. Prokayotes don’t have the nucleus. RNA needs to be brought where the translation machinery occurs, transcribe inside nucleus, gives you ability to have many transcriptions from the RNA. Can make more protein. 
· Think of family recipe, only family members have excess, original hand written copy in one book, grandma is keeping it safe. When someone asks for the recipe she won’t give the original copy, she will re copy.  She will “transcribe” it. If someone spills coffee on it, it’s not a big deal. The original is still safe. 
· mRNA is your ability to preserve the code. 
· Can transcribe many genes at the same time.


Prokayrote vs. Eukaryote
· no nucelis, nucleus
· mRNA in pro, is right away a mature mRNA ready to go. In euk you initially get an immature mRNA (pre messenger RNA). Before it leaves the nucleus, it’s going to need to be processed (RNA maturation). Will get rid of certain sections

Which strand?
· The RNA strand produces is elongated in the 5’-3’ direction because nucleotides can only add to the hydroxyl group. *3rd carbon of the sugar.
· Gene A, 2 strands of DNA. Want one strand of RNA. 
· 5’-3’ DNA strand is the coding strand. 3’-5’ is the template strand. mRNA is identical to the 5’-3’ on the DNA. Just U instead of T. **Know this shit
· Template strand is used to make complentary strand

How do you start Transcriptions?
· Pro: Binding to the promoter of polymerase subunits, to sigma subunit. It is a guide to place RNA polymerase. RNA polymerase initiates transcription
· Euk: Binding to the promoter transcription factors activators, repressors. Formation of transcription initiation complex (TFs and protein.). RNA polymerase II recruited to initiate transcription
· **Walks on DNA until it finds what fits. How can a protein interact with DNA until it finds a sequence it likes and decides to stay? Vander waals. 
· Pro: the initiation is simpler. Small sub units of the polymerase, they find the specific areas on DNA, when they find them, that recruits the polymerase. 
· Euk: Transcription factors (steroid cascades?). The proteins congregate and form a huge mass of proteins (transcription initiation complex), until this is accomplished, Polymerase will not start. 
· Within the complex there are activators and repressors. 

RNA Polymerases
· RNA P 1 rRNA (ribosomal)
· RNA P II mRNA (messenger)
· RNA P III tRNA (translation) 

How is the gene organized?
· Right before the coding sequence is the regulatory area (within that portion there is a promoter, and within the promoter there is a repetitive sequence). That is the first spot there will be building. Because it’s a repetitive sequence of A and T it is called the TATA box
· Just upstream, is the 5’UTR
· Distal regulator sequence, able to influence the promoter region. 
· Distal elements (DNA is flexible) interact with the DNA and regulate RNA Polymerase. 


1) Initiation
· Don’t need anything to split the two strands. RNA Polymerase II can do it. 
· Transcription complex beings at TATA box. 
· RNA P II comes in, gets included with the transcription initiation factor and when everything is in place it begins
· It only transcribes the coding sequence
· When you finish the regulatory promoter elements is where you being (+1) anything before is (-)
· Will split strands, read template strand, make complentary mRNA. 
· When do you know where to stop? 

2) Elongation
- no difference between pro and euk

3) Termination
· Prok: 2 processes to stop.
· Rho dependent  unwinding enzyme, needs ATP (interacts at end of coding sequence), Rho independent  hairpin loop pulls RNA away from DNA, will create a lot of tension. 
· Euk: at end of coding region there’s a sequence. When polyermase reads it, it will transcribe it, but that sequence is actually a signal. That signal is able to let the RNA P II is at the end of the coding sequence. Will finish. 
· In order to mature, that signal sequence that was introduces by transcription will recruit another enzyme Poly A tail... it will add a series of nucleotides (just As). 
· Poly A signal sequence lets RNA to know its reaching the end and then that signal sequence that’s left recruits another Poly A to come in and add a series of As at the 3’ end.  Poly A Tail. Essential, if not added it will not mature and leave nucleus. 
· How does it get out of the nucleus? The nucleus porins. How do we know it can get out? What does the porin look for? If it has the poly A tail. If it has it, it can go, if not, then nooo. If it stays behind it is recycled. 
· Nucleases will digested the pre-messenger RNA. 
· Exon/ intron (coding/non coding).  On mRNA there is coding and non-coding. Splicing. 
· Exons are coding regions. Part of the processing is cleaning the RNA. Get rid of the non-coding regions (introns) and keep the exons.  Splicing
· The other event for maturation is... at the 5’ end added 7 G  5’ cap. Added when about 50 nucleotides are transcribed. 
· 3’ tail 5’cap. Protects against degradation and lets it out of the nucleus.
· [bookmark: _GoBack]

RNA does not proof read or correct mistakes. 

. A cytosolic protein with an SH2 domain was?
An amino acid derived ligand binds to a receptor. A cytosolic protein with an SH2 domain was recruited and the cascade initiated resulted in release of calcium from the ER. Which type of reptor was 
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